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Tbjective: The endovascular management of aortic traumatic ruptures has been
roposed as an alternative to classical surgical procedures. The aim of this work was
o report the midterm results of the endovascular treatment of traumatic ruptures of
he isthmic aorta.
ethods: Between January 1996 and July 2005, endovascular repair of blunt
raumatic aortic ruptures was performed in 33 patients (mean age, 40  17 years).
he stent grafts used were either Talent Medtronic (n  27), Gore Excluder (n 
), or Boston Vanguard (n 2) grafts. Follow-up was 94.9% complete and averaged
2.4  28.8 months (maximum, 8 years).
esults: Stent graft deployment was successful in all cases without need for surgical
onversion. Except for one iliac rupture, which was treated with an iliofemoral
ypass during the same procedure, there was no major perioperative complication.
he early complications consisted of 3 primary endoleaks (1 type I and 2 type IV),
transient paraparesis, 1 occlusion of the main left bronchus, 1 thrombosis, and 2
seudoaneurysms of the brachial artery. All the primary endoleaks healed within the
rst month. No patient died, and no aortic reinterventions were performed. The
idterm complications were a mild circumferential thrombus at the distal part of the
tent graft and a fracture of the nitinol stent. Both complications were asymptomatic
nd were discovered on systematic computed tomographic scan examination. Ac-
uarial freedom from complication at 1 year was 96.1% 3.8% and 85.5% 10.6%
t 3 and 5 years, respectively.
onclusion: This study demonstrates that the endovascular treatment of blunt
horacic aortic traumatisms is a safe and effective therapeutic method without
ncreased midterm morbidity and mortality rates.
sually, blunt thoracic aortic ruptures occur at the level of the aortic isthmus
when deceleration or thoracic crushing mechanisms are involved.1 Eighty
percent of the victims die at the scene of the accident. Aortic disruption is
ost of the time associated with other life-threatening injuries. This makes treat-
ent of the survivors extremely challenging. In spite of technical advances in aortic
urgery, the surgical treatment of those who survive such an accident remains
ontroversial, and the mortality and morbidity rates remain high. For the most part,
atients’ deaths are linked with the associated injuries, which might in fact have
een worsened by the operation and the circulatory assistance technique.2-4 Never-
heless, the use of extracorporeal circulation is the only technique that enables a
ignificant reduction in the rate of paraplegia. Postoperative paraplegia is the main
eurological complication, with a rate of occurrence ranging between 3% and 20%
n the most experienced trauma centers.1,3,4 Delayed surgical treatment with circ
atory assistance has been advocated as being a good compromise. However, the
he Journal of Thoracic and Cardiovascular Surgery ● Volume 132, Number 5 1037
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A
CDhoice of having a period of waiting is not free of ri1,4,5
nder these circumstances, endovascular repair appears to
e a potential therapeutic alternative.
In 1999, our group published the short-term results of
sing this technique.6 Today, more than 300 cases of en-
ascular repair of aortic ruptures have been reported, either
s small series or as case reports. All had only a very limited
ollow-up period.
The aim of this work is to report the midterm results of
he endovascular treatment of blunt traumatic ruptures of
he aortic isthmus.
atients and Methods
atients
etween January 1996 and July 2005, 33 patients with traumatic
seudoaneurysms of the aortic isthmus underwent endovascular
epair and were included in a prospective, monocentric, nonran-
omized study. The use of stent grafts for this particular medical
ondition was approved by our ethical committee. Informed con-
ent was obtained in all cases, either from the patients themselves
r from their relatives. There were 29 male patients with a mean
ge of 35.8  17.8 years (range, 16-75 years) at the time of the
urgical procedure, and there were 4 female patients with a mean
ge of 55.6  9.8 years (range, 39-63 years) at the time of the
urgical procedure.
Initially, endovascular management was only performed after
he patient had recovered from any associated life-threatening
njuries. More recently, stent grafts of different sizes have become
eadily available in our department, making it possible to perform
ndovascular procedures even in emergency situations.
Twenty-one patients were treated between 14 and 252 days
fter the traumatic injury had been sustained (subacute settings),
ith an average of 93.6  83.2 days. Twelve patients were treated
etween day 0 and day 14 after the trauma (acute settings), with a
ean of 6.2  4.5 days. Four of the latter 12 patients were treated
ithin the first 24 hours after the accident.
ssociated Injuries
he mean Injury Severity Score was 40.2  10.7 (range, 13-57).
ll patients who were treated in acute or subacute settings had
een judged to have contraindications for conventional surgical
nterventions involving circulatory assistance because of their as-
ociated injuries. Twenty-nine (87.8%) patients presented with
evere encephalic injuries. Thirty-three (100%) patients presented
ith severe thoracic traumatisms with lung contusion or contralat-
ral flail chest. Twenty-six (78.8%) patients presented with major
ractures, and 18 (54.5%) patients presented with intra-abdominal
Abbreviations and Acronyms
CT  computed tomography
LSCA left subclavian arteryacerations. g
038 The Journal of Thoracic and Cardiovascular Surgery ● Novreoperative Morphologic Assessment
urrently, a multidetectors computed tomographic (CT) scan with
ultiplanar reconstruction is performed so as to precisely describe
he aortic injury and assess the iliofemoral access. All the pseudoa-
eurysms we treated were localized at the level of the isthmic
orta. They had a mean diameter of 37.1 10.6 mm (range, 25-70
m). The mean proximal aortic neck diameter was 25.9 3.2 mm
range, 21-30.5 mm). The mean distance between the lesion and
he ostium of the left subclavian artery (LSCA) was 17.9  13.7
m (range, 0-55 mm). The diameter of the iliofemoral junction
as at least 6 mm in all cases.
ntravascular Devices
our Excluder (W. L. Gore & Associates, Elkton, MD) devices, 27
alent (Medtronic, Inc, Minneapolis, Minn) devices, and 2 Van-
uard (Boston Scientific, Natick, Mass) devices were used. The
tent grafts were about 10% to 15% oversized compared with the
iameter of the normal aorta. They were also at least 30 to 40 mm
onger than the lesion to be treated. The mean diameter of the stent
rafts was 28.4 4.1 mm (range, 24-40 mm), the mean length was
11.8  17.4 mm, and the mean covered length was 97.2  13.6
m (range, 70-130 mm).
ndovascular Procedures, Postoperative Treatment,
nd Follow-up of Patients
ll the procedures were carried out in the operating theater suite of
he interventional radiology department. The procedures them-
elves involved a multidisciplinary team composed of interven-
ional radiologists, cardiovascular surgeons, cardiologists, and
nesthesiologists.
The endovascular technique used was the same as previously
escribed.6 A large-spectrum prophylactic antibiotic (cefuroxim
500 mg administered intravenously die) was systematically ad-
inistered during the procedure and maintained for 24 hours after
he procedure. The long-term postoperative treatment consisted of
spirin (325 mg daily). In cases involving invasive procedures, the
ecommendations given to prevent infection of the devices were
he same as those given to patients with heart valve prostheses. The
ollow-up consisted in carrying out transesophageal echocardiog-
aphy, CT scans, or magnetic resonance before discharge and then
t the 3rd, 6th, 12th, and 18th months. CT scanning or magnetic
esonance was then performed yearly. Two patients who lived at a
onsiderable distance from our hospital refused to have radiologic
ollow-up and were thus considered lost from follow-up (5.12%).
he mean follow-up duration for the others was 2.7  2.4 years
maximum, 8 years). Ten patients had a follow-up lasting 5 years
r more.
efinitions
he definitions retained in this study are described in the litera-
ure.7 Primary technical success was defined as a complete ex-
ion of the false aneurysm without the necessity of any additional
rocedure and without perioperative death or complication. Sec-
ndary technical success was defined as a complete exclusion of
he false aneurysm after an additional endovascular procedure or
fter spontaneous thrombosis of primary endoleak within the first
onth. Endoleak was defined as blood flow apart from the stentraft. Endoleaks were then classified according to the literature.8,9
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A
CDny intraoperative or perioperative death, any primary or second-
ry endoleak, any failure of the endovascular device, any reinter-
ention, any death related to an aortic rupture, or any sudden
nexplained late death were considered failures of the treatment.
tatistical Analysis
he continuous variables were expressed as means  standard
eviation. The evaluation of actuarial survivals was carried out
ccording to the Kaplan-Meier nonparametric method. The actu-
rial survivals are reported at 1, 3, and 5 years (with 95% confi-
ence intervals). The analysis was performed with the STATA
rogram (Stata Corp, College Station, Tex).
esults
rocedures
n infrainguinal iliofemoral access was performed for all
he patients, and a single stent graft was used in all cases.
he mean duration of the procedures was 105.0  47.1
inutes (range, 60-210 minutes). Twenty-nine patients re-
eived an intravenous heparin injection in the amount of 75
I/kg. Four (12.2%) patients did not receive heparin be-
ause of their severe hemorrhagic encephalic injuries, and
one of them had any subsequent complications requiring
eintervention with heparin administration. The ostium of
he LSCA was covered in 9 (27.3%) patients. The noncov-
red proximal part of the stent graft was positioned at the
evel of the ostium of the LSCA in 23 (69.7%) patients.
mmediate Results
omplete exclusion of the false aneurysm was obtained in
0 patients. The primary success rate was 90.9%. Three
atients presented with a mild endoleak at the end of the
rocedure on angiographic control. These primary en-
oleaks were also identified on the first CT scan, which was
erformed 24 or 48 hours after the procedure. One was a
roximal type I endoleak, and 2 were type IV endoleaks
Talent; Medtronic, Inc). These 3 primary endoleaks under-
ent thrombosis, and they became undetectable on the CT
can after 1 month. No aortic reinterventions and no addi-
ional endovascular procedures were carried out. No peri-
perative deaths occurred. One (3%) patient presented with
rupture of the external iliac artery. The hemorrhage was
ontrolled with an aortic occlusive balloon at the level of the
nfrarenal aorta. The arterial rupture was treated with an
liofemoral bypass, which was performed at the time of the
rocedure.
arly Postoperative Course, Endoleaks, and Early
einterventions (<30 Days)
ive (15.5%) early postoperative complications were ob-
erved. One patient (whose LSCA had been covered) pre-
ented with a transient paraparesis (day 0), which was
esolved in 3 days after medical treatment had been given,
ncluding cerebrospinal fluid drainage. One patient pre-
ented with an acute ischemia of the left upper limb (day 0) d
The Journal of Thoracicecause of a thrombosis of the brachial artery at the level of
he introducer requiring an embolectomy. Two patients pre-
ented with a false aneurysm of the left brachial artery (day
). They underwent surgical intervention. One patient pre-
ented with an atelectasis of the left main bronchus (day 4)
equiring the placement of an endobronchial silicone pros-
hesis for 3 months. Mean shrinkage during the first month
as 11.5  7.9 mm. Only 3 (9.1%) patients presented with
transient progression of the size of the false aneurysm.
fter 6 months, all the pseudoaneurysms completely
hrank. The aortic diameter at the injured level was exactly
he same as the diameter of the aortic stent graft and thus
xactly the same as the proximal and distal aortic necks.
idterm Results
o deaths occurred during follow-up. No secondary en-
oleaks, no migrations, no twists, no kinks, and no device
nfections were observed during the follow-up phase. All
he stent grafts were patent. Two (6.1%) patients presented
ith a midterm complication. One patient presented with an
symptomatic thrombus at the distal part of the stent graft
.9 years after the procedure, despite a daily low dose of
spirin. He was successfully treated with oral anticoagula-
ion medication for 3 months (with an international normal-
zed ratio of between 2 and 3). Another patient presented
ith an asymptomatic fracture of the nitinol stent (Talent;
edtronic, Inc) 7 years after the procedure.
Actuarial survival estimates and actuarial freedom from
ortic reintervention 5 years after the procedure were 100%.
ctuarial freedom from complication 1 year after the pro-
edure was 96.1% 3.8%, and it was 85.5% 10.6% after
years.
iscussion
ince 1997 and the first reported endovascular procedure for
lunt aortic rupture, more than 300 cases have been reported
as case reports or as limited series) with only a short
ollow-up time. Very little is known about the long-term
esults of such procedures.6,10-26 The purpose of this work,
earing on 33 consecutive patients with blunt isthmic rup-
ures that had been sustained at some point in the period
rom 1996 through 2005, is to report the midterm results of
ndovascular repair. After a mean follow-up of 2.7 years
with a maximum follow-up of 8 years in 1 patient), the
verall survival rate is 100%. The paraplegia rate is 0%. No
onversions to conventional surgical intervention and no
ndovascular reinterventions were required at the level of
he aortic injury.
Actually, even the very best methods used in conven-
ional surgical intervention for the repair of aortic ruptures
f the descending thoracic aorta remain controversial. De-
pite technical advances, such as heparin-less partial car-
iopulmonary bypass, extracorporeal circulation still in-
and Cardiovascular Surgery ● Volume 132, Number 5 1039
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1
A
CDuces a strong inflammatory response that can have
eleterious consequences in the setting of an injury-
ediated inflammatory state. Furthermore, the mortality
ate remains at 10% because any associated injuries might
e worsened by the cardiopulmonary bypass.27 Although
elayed conventional surgical intervention could be consid-
red a good option in large trauma centers, and even if we
id not observe any deaths during the waiting period, de-
ayed surgical intervention is not completely risk free. A 4%
isk of aortic rupture is reported despite the optimal man-
gement of patients in intensive care units. In addition,
ypotensive therapy is challenging in cases of increased
ntracranial pressure, with a risk of a decrease in the cerebral
erfusion pressure.5,28,29
At the beginning of our experience with the use of these
rocedures, delayed stent grafting was considered appropri-
te after recovery from associated life-threatening injuries
or those patients with stable aortic lesions.6 Because the
rocedures were increasingly fast and without the need for
horacotomy, pulmonary exclusion, aortic crossclamping,
nd circulatory assistance, we observed lower perioperative
orbidity and mortality rates than those observed after
raditional surgical intervention, in spite of some patients in
his trial having other associated life-threatening injuries
87.4% of our patients had severe encephalic injuries).
ecause of the safety and simplicity of the procedures, like
ther authors,19,30 we decreased the delay period befo
reatment. Today, endovascular management can be per-
ormed in emergency situations at the price of an adapted
rganization in terms of the multidisciplinary team and the
aterial available.
In spite of the attractive aspects of stent grafting, some
echnical difficulties have to be overcome. The often short
roximal neck is the main difficulty. The ideal length of
ormal aorta upstream of the lesion of at least 15 mm is
arely encountered, and the ostium of the LSCA is very
lose to the aortic injury most of the time. Despite signifi-
ant but relatively benign complications we encountered
ith the systematic use of the brachial route, we still use this
pproach to single out the ostium of the LSCA with a 5F
0-cm-long sheath with a distal radio-opaque marker. In our
pinion this is crucial for optimal stent placement in the
ase of an isthmic lesion. In cases of intentional coverage of
he LSCA, a mild systolic blood pressure differential was
bserved between the arms during the early postoperative
hase, but all the patients remained asymptomatic. None of
hem complained about arm fatigue on exertion. Neverthe-
ess, we can hypothesize that the overstenting of the LSCA
ight be a risk factor in the development of paraplegia
ecause of the occlusion of the very proximal medullary
rtery and, more particularly, of the higher dorsal medullary
rtery. The only transient paraparesis we encountered oc-
urred in a patient who had his LSCA occluded. The dom- r
040 The Journal of Thoracic and Cardiovascular Surgery ● Novnant or ectopic left vertebral artery is also to be considered
arefully. From our point of view, this case would be an
ndication for the use of a carotidosubclavian bypass if the
SCA had to be covered.23 A preimplantation angiogram 
ctually mandatory to check the contralateral vertebral ar-
ery and the collaterals.
Today, the curvature of the distal aortic arch is more
asily crossed with the new generation of more flexible stent
rafts, but their size remains important. The vascular access
s also still a potential technical problem in young patients
ith spastic arteries because a diameter of 6 mm at mini-
um is required to have a safe access. Infrainguinal iliofem-
ral access has always been possible, in our experience, but
n cases in which this access is limited, suprainguinal iliac
r infrarenal abdominal aortic accesses should be
onsidered.
Last but not least, the size of the aorta in young patients,
ith diameters of less than 20 mm, might be another limi-
ation because of the lack of small, commercially available
ndovascular devices. From another point of view, these
raumatisms sometimes occur in young patients whose aor-
as will increase in size.
As a whole, taking into account our excellent results in
he short term and midterm, our management of blunt aortic
uptures has changed progressively. When aortic rupture is
dentified, 2 situations are singled out. In the case of aorta-
elated hemodynamic instability (massive mediastinal he-
atoma, active bleeding, or left hemothorax), emergency
ndovascular treatment is performed. In the case of non–
orta-related hemodynamic instability, the other life-
hreatening injuries are first treated, and endovascular treat-
ent of the aortic injury is performed within 24 hours. In
he case of stable patients, endovascular management is
erformed within 24 hours if the patients present with
ontraindications to the use of conventional surgical man-
gement. The indications for surgical intervention are emer-
ency operation in cases of collapse and massive left he-
othorax preventing the carrying out of a CT scan and
elayed surgical intervention in cases in which endovascu-
ar management is impossible for technical or anatomic
easons in patients with contraindications for emergency
urgical intervention, including conventional emergency
perations in the case of isolated isthmic rupture in young
atients. A minor aortic injury, such as a limited intimal flap
defined as a less than 1-cm intimal flap with no or minimal
eriaortic hematoma) is observed and treated medically,
ith close clinical and radiologic follow-up.
onclusion
his study, in spite of the limits related to its monocentric
onrandomized character, demonstrates that the endovascu-
ar treatment of blunt traumatisms of the descending tho-
acic aorta is a safe and effective therapeutic method with
ember 2006
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A
CDecreased midterm morbidity and mortality rates. Only con-
rolled and randomized studies comparing conventional sur-
ical intervention and endovascular repair would make it
ossible to confirm these results, but they would be difficult
o realize because of the low number of patients treated in
ach center.
The main technical improvements should relate to the
eduction in the size of the delivery devices and the use of
ore flexible devices. Stent grafts with a “proximal subcla-
ian branch” would also make it possible to avoid the
acrifice of the LSCA and would allow a more satisfactory
roximal sealing.
In spite of these very good results in the short term and
idterm, the long-term results of endovascular repair re-
ain unknown. It is also essential to continue close mor-
hologic monitoring. In the case of hypothetic long-term
omplications, endovascular procedures would be possible,
nd if conventional surgical intervention was necessary, the
peration would be performed with hemodynamic stability
nd thus under much better conditions than when being
ndertaken in an emergency.
We acknowledge the kind help of Mrs Barbara Hollington for
he preparation of the revised version of this manuscript.
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